Identification of H. influenzae by traditional methods is difficult to establish for several reasons because culturing is time consuming, requires viable bacteria, and effecting by antibiotic treatment before spinal tap result in negative culture in about 30% of cases [3] as well as the residual human blood that sometimes used in preparing chocolate agar media might contain antibiotic and antibodies which effect growth of bacteria [10] . Latex agglutination test have a lower sensitivity and specificity that requires high concentration of bacteria (10 6 CFU/ml) for positive result and might showed misreading of serotyping results [11] . Rapid techniques based on nucleic acid amplification such as PCR have been reported to be more sensitive and specific for detection of H. influenzae compared to bacterial culture and slide agglutination test [12] [13] [14] . Capsular genes were suitable target for the detection and typing of capsulated H. influenzae by using PCR assay and different target genes within capsular locus have been described [15] [16] [17] . Identification of the causative agent for meningitis is important for diagnosis, treatment and vaccine development, so the aim of this work was to elucidate the involvement of H. influenzae type in meningitis diagnosed in Iraqi children less than five years old.
Materials and Methods

CSF Specimens Collection
Four hundred CSF specimens were collected from infants and children aged from one month to five years during period from first January to first December 2010, in different hospitals in Iraq. Each child was underwent lumber puncture as part of their diagnostic evaluation. Three to five milliliter of CSF was collected in to two sterile tubes that were used for cytological, chemical that analyzed at once, and microbiological examinations. The specimens were delivered to the central health laboratory with ice bag and kept at -20°C until processed or transferred in T-I medium that left at room temperature for at least one month.
Identification of Bacteria
Chocolate and GC media (supplemented with 2% haemoglobin and 1% isovitalex (Mast group, UK) for X and V factors) were inoculated with loopfull of CSF or 100µl from T-I media then incubated at 37°C for 24-48 hours under aerobic condition with 10% CO2. Suspected colonies were identified morphologically by Gram stain. Oxidase and API-NH system (Bio-Mereix, France) used according to manufacture instructions for the diagnosis and biotyping of Haemophilus. H. influenzae was biotyped on the bases of indol production, urease and ornithine decarboxylase activity [18] as well as the nutritional requirements of H. influenzae to both X and V factors were tested on Mueller-Hinton agar. All isolates were serotyped by slide agglutination test with type specific antisera from a-f (BD BBL, Mast group, UK) according to manufacture instructions for detecting the serotype of capsulated H. influenzae isolates.
Extraction of Genomic DNA
DNA was extracted from H. influenzae isolates using a commercial purification system (wizard genomic DNA purification kit, promega, USA) following the manufacturers instruction for DNA purification from gram negative bacteria. While the DNA was extracted from 100µl CSF using three methods includes: Genomic DNA Mini Kit (Geneaid, Thailand), Wizard Genomic DNA Purification Kit (Promega, USA) used according to manufacture instructions, and boiling method that DNA was extracted from CSF by incubating of specimen for 10min at 95°C, followed by centrifugation at 13000 rpm for 1min, the supernatant was transferred to a clean microfuge tube and stored in deep freezer until PCR analysis is carried out [19] . The DNA concentration and purity were determined by using spectrophotometer; DNA quality could be assessed by 0.8% agarose gel electrophoresis [15] .
PCR Assay
PCR was done in Triplex and duplex to amplify different fragments of genes under study for detecting H. influenzae and capsular associated genes. Triplex PCR was used to amplify three genes including [ Table-1 
]:
OmpP6 that found in both capsulated and non-capsulated H. influenza, BexA (capsular gene) was used to distinguish between capsulated and nonencapsulated strains, and Bcs3 Cap region II type b specific gene was used to determine type b specific capsule. The last two genes were used to detect type b deficient mutant and distinguished it from non-capsulated. Two primer sets were used in duplex PCR to amplify hcsA for determining genotypes I and II that belongs to type b.
PCR Amplification
The extracted DNA, primers and PCR premix (Accupower, Bionear), was thawed at 4°C, vortex and centrifuged briefly to bring the contents to the bottom of the tubes. PCR mixture was set up in a total volume of 20µl included 5µl of PCR premix, 1µl of each primer (2 picomole/ µl) and 2µl of template DNA (250 ng/µl) have been used. The rest volume was completed with sterile D.W. PCR mixture was performed according to the number of tests and distributed into PCR reaction tubes with 18µl, vortexed and finally 2µl of template DNA was added. Negative control contained all material except that D.W was added instead of template DNA [ Streptococcus pneumoniae, Staphylococcus aureus, and H. influenzae were extracted. The concentration and purity of DNA from each one was determined then analyzed by PCR and the results confirmed by using 1.5% agarose gel electrophoresis.
Statistical Analysis
Data were presented as percentage and/or mean ± standard error. The Statistical Analysis System-SAS (2004) was used to analyse the effect of difference factors in this study. The Chi-square (χ 2 ) test was employed for the analysis of meanwhile least significant differences (LSD) test was adopted to analyse percentages. T-test was used to analyse other data. P value ≤ 0.05 was considered statistically significant (21) .
Results
Isolation and Identification of Heamophilus influenzae from Culturing CSF Specimens
Over all specimens, 11 (2.75%) have characteristics of Haemophilus influenzae. According to the biotyping assay, four biotypes of H. influenzae were observed depending on three tests included indol, urease, and ornithine decarboxylase by using API-NH system. Six of isolates (55%) represented biotype I, while 18.2% of isolates were equally distributed in biotype V and biotype VII, and low percentage (9%) of isolates showed properties of biotype II. whereas all isolates (100%) identified as serotype b using slide agglutination test.
DNA Extraction from H. influenzae isolates and CSF specimens
DNA from all isolates of H. influenzae type b was successfully extracted by using Wizard genomic DNA purification kit (Promega, USA), DNA bands were confirmed and analyzed by gel electrophoresis while column based commertial kit (Genaid, Tailand) was more efficient the other methods had been used as illustrated in [Fig-1 ].
Fig. 1-
Gel electrophoresis of amplified bexA (343bp) in H. influenzae from CSF specimens, using different methods for DNA extraction. Agarose (1.5%), 5 V/cm for 2 hrs, stained with ethidum bromide and visualized on a UV transilluminator. Lane 1. 100 bp DNA ladder. Lane 2. PCR done by using CSF specimens directly without DNA extraction. Lane 3-4. PCR products of extracted DNA from CSF using boiling method. Lane 5-6. PCR product of extracted DNA from CSF using boiling method (line 5) and Genied kit (line 6) for the same specimens. Lane 7-9. PCR product of extracted DNA from CSF using Promega kit. Lane 10. Negative control (had all PCR mixture including water instead of DNA template).
Detection of H. influenzae Type b by Triplex PCR
Triplex PCR was used to verify the existence of H. influenzae type b in 75 specimens from cultured and noncultured CSF. For this purpose, three genes (ompP6, bexA and bcs3) with their primers were selected. The results revealed distinct amplicon patterns for type b -, b+, and non capsulated H. influenzae [ Fig-2] and [Fig-3 ]. Notably, 5 (38%) of CSF culture negative-PCR positive results were successfully analyzed by PCR when delivered to the laboratory in T -I medium which maintained bacteria at bad condition.
[ Table- 3] showed that the diagnostic specificity of culturing method was high (100%) but the diagnostic sensitivity was low (46%) when compared with PCR technique for diagnosis H. influenzae in CSF specimens. The prevalence of type I and II in H. influenzae type b capsule was done by using two sets of primer for hcsA. A distinct amplicon patterns were noticed as previously shown in [Fig-4 ]. In addition, the distribution of capsular genotypes I and II among 23 cultured and noncultured CSF specimens illustrated in [Table-4 ]. The results indicated that type I was predominant it account 78.3% and distributed in children under four years old whereas type II formed 21.3% and appeared only in children less than one year old yielding a statistically significant difference (p ≤ 0.01). The specificity of selected primers appeared to be highly specific for H. influenzae since there was no DNA amplified from other bacteria used in this study. [24] but in another study it was 31.4% [25] while in Nepal, the isolation rate was 1.7% [8] . MacNeil et al. [2 6 ] found that isolation rate of H. influenzae in United States was 5.4%. The different isolation rates may be due to inadequate microbiological methods, the effect of prior antibiotic used or genetic differences in patients and/or H. influenzae type b strains [8] . On the other hand, there was reduction in isolation rates of H. influenzae type b meningitis after vaccination which noted in several European countries, Canada and United States [27] . The isolates of this study were biotypes I, V, VII, and II in decreasing order of frequency. In previous studies from Denmark, Norway, Western Europe and United State had been shown that biotype I account for most of H. influenzae meningitis that might approach to 96% and it was predominant in children under ten years old [32] . In contrast, in Papua New Guinea and Vietnam indicated that biotype II account for 62-68% of H. influenzae meningitis [28] . Surprisingly, biotypes V and VII were found recently to be responsible for meningitis that was believed the invasive strains expressing capsular type would belong only to biotypes I, II, and III. One case with biotype V serotype b was first found caused meningitis in Brazil [29] . From studying more recent invasive noncapsulated H. influen- zae isolates appeared strong association to biotype V with the presence of IS1016, and showed unusually resistant to killing by normal human serum [15] . Moreover, four biotypes found in this study were also showed indol positive reaction indicated that tryptophanase was important in virulence; Martin et al., [30] found that 94-100% among strains of H. influenzae had tryptophanase are causing serious disease including meningitis. Based on serotyping results, all isolates belonged to serotype b. These results were expected and as stated by shoma et al. [13] and Lancellotti et al. [31] that other serotypes not detected in CSF of children less than five years of age, suggesting that H. influenzae type b is the primary cause of invasive infections such as meningitis. This study also presented to optimize PCR assay for direct identification and typing of H. influenzae. The final choice from three methods used to estimate their efficacy for isolation DNA from CSF specimens depended on the comparison of PCR results which exhibited a distinct band with the specific molecular weight; this reflects the ability of method for removing PCR inhibitors and producing purified DNA. Therefore, a commercial kit (Geneaid, Tiland) for extraction DNA from CSF and amplified it was more efficient than the other methods had been used. Indeed, this result was agreed with Shoma et al. [32] and Nakhjavani et al. [1] who showed that DNA extraction by a commercial kit might increase the yield of DNA sufficiently for PCR amplification. The failure of boiling method for extraction DNA or using CSF directly without DNA extraction might returned to the presence of inhibitors that resulting in false negative [33] . Whereas wizard genomic DNA purification kit produced poor yield of DNA template, this could be due to low volume of CSF available, insufficient lysis of cell and/or loss of DNA during purification [34] . Three genes were used for identification of H. influenzae, the selected primers appeared to be highly specific for H. influenzae since there was no DNA amplified from other bacteria. This finding was agreed with earlier studies [35, 36] . Triplex PCR was used to verify the existence of H. influenzae type b in 75 specimens from cultured and noncultured CSF. The results proved the accuracy of the molecular techniques especially in negative culture specimens that 13 cases had culture negative-PCR positive results. This may return to a variety of factors including suboptimal storage or delay in delivering the specimens to the laboratory or to early administration of antibiotic prior to specimens collection. WHO (2002) confirmed that 50% of CSF cultures were positive for H. influenzae in children without prior treatment of antibiotic in comparison with children who treated prior spinal tap. Several studies had been used these sets of primers and reported a good results on amplification of associated capsular genes in capsulated H. influenzae and differentiated from non capsulated and capsule deficient mutant of type b capsule [37] [38] [39] . From data above, Triplex PCR technique was a rapid and useful tool for detecting H. influenzae particularly in negative culture results due to high sensitivity compared to culture method (46%). Many investigators reported the high sensitivity of this technique when used for detection of H. influenzae [13, [40] [41] [42] . Five cases of capsule deficient mutant of type b capsule were recorded in this study in children less than one year old except one case aged two years old, similarly first noted by Catlin [43] who found CSF from child aged 30 months with meningitis contained a heterogenous population of H. influenzae (capsulated and noncapsulated). As well as another recently studied by Satola et al. [15] identified H. influenzae mutant (b -) from infant (6 months old) and other child had 36 months old.
Other investigators demonstrated differences in the rate of capsule deficient mutant of type b; it ranging from 3% to 5% [44, 12] and in a previous study it recorded 12.5% [16] , whereas LaClarie et al. [45] , did not detect type b deficient mutants. However, the early studies proved that the expression of H. influenzae type b capsule was genetically unstable and occurred in both in vivo and in vitro. The instability was due to high frequency loss of b capsule by homologous recombination in which the presence of the repeat IS1016 elements at each end of capsule loci being targets for this recombination [46] . Cerquetti et al. [47] reported that the presence of a thicker capsule on the cell surface of multicopy strains was an advantage survival in the blood stream, but is an disadvantage when other surface components involved in the direct interaction between bacteria and brain endothelial cells that a thicker capsule may interfere with this interaction. Thus, loss of capsule leads to an increased ability to adhere to and invade human epithelial cells [48] . Interestingly, despite differences in capsule production, both type b and deficient mutant of type b from cultured and noncultured CSF in this study were capable of producing sustained bacteremia and meningitis suggesting one copy of capsule was sufficient for virulence that was noted also in infant rats model [49] . This return to the ability of some deficient mutant strains to elaborate detectable amount of polyribosylribitol phosphate (PRP) distributed on the surface of bacteria isolated from child with meningitis, suggesting that elaboration of quantitatively or qualitatively altered amount of PRP might support the virulence of capsule deficient mutants because PRP capsule confers a greater virulence than any of other type specific polysaccharide [50] .
Other possible virulence determinants of the H. influenzae include outer membrane proteins that associated with capsulated and non capsulated strains responsible for neonatal septicemia and LPS implicated in serum resistance to complement dependent bacteriocidal antibodies to LPS [7, 51] . In this study, serotyping of two isolates of H. influenzae as serotype b by slide agglutination test appered as capsule deficient mutants by using PCR capsular genotyping. This might returned either to losing of capsule in vitro after several subcultures as mentioned early by Corn et al. [52] or these isolates have detectable amount of PRP on their surface that cross react with type b specific antisera and produce misleading results that was agreed with Kostyanev et al. [53] who showed that 71% of capsule deficient mutants cross reacted with at least one specific antisera.
Other reasons for misreading of sreotyping results might returned to technical practice, type of method used and/or antisera quality. Laboratory to laboratory differences appearing to be due to interpretation of a positive agglutination reaction between bacterial suspension and antisera as amplification of the agglutination reaction by using antibody coated latex particles that yield good results [12] . From the reading above, PCR capsular genotyping was more accurate and useful to distinguish different capsular serotypes and capsule deficient mutants as well as distinguished them from noncapsulated strains.
International In an assessment of type I and II of H. influenzae type b in children had meningitis by using PCR found that most children under four years old had infected with genotype I of H. influenzae type b and this agreed with most reports from various world regions that the largest proportion of type I. It was also noted that type I had a thinner, dense and compact capsular layer which twice much more capsular polysaccharide than type II [54] . Thus, producing higher amount of capsular polysaccharide by type I require higher amount of antibody titer to eliminate type I in comparison with type II which present only in children less than one year old as noticed in this study. This may due to lack of bacteriocidal activity against this bacterium in this age group [55] whereas predominance of type I in other groups under four years old indicated the presence of some anticapsular antibody in their blood that protect them from type II because it is less virulence but not from infection with type I H. influenzae type b isolates that was not detected in last group (4-5 years) because it have enough anticapsular antibody that protect them from infection [56] .
Conclusion
It found that H. influenzae serotype b and biotype I was the most common types among children below 5 years old. H. influenzae can be identified directly from CSF by using different types of PCR technique based on the amplification of cap genes which showed high sensitivity and specificity comparing with culture method.
